Double melting behavior of poly(trimethylene terephthalate) (PTT) was studied in detail by means of differential scanning calorimetry (DSC) and optical microscopy. The results indicate that the low-temperature melting peak of PTT at ca. 218 for the samples crystallized isothermally at 203 is ℃ ℃ associated with the melting of crystals produced by secondary crystallization, while the high-temperature melting peak of it at about 227 is related to the melting of the crystals produced by ℃ primary crystallization. The results further demonstrate that the PTT crystals growing non-isothermally during cooling process are thermodynamically unstable and can undergo structure reorganization during the DSC heating scan. The reorganized crystals melt at temperature higher than the crystals produced by secondary crystallization at 203 . Consequently, for the non ℃ -fully crystallized samples, the crystals grown during cooling also exhibit contribution to the high-temperature melting peak.
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poly(trimethylene terephthalate), double melting behavior, primary and secondary crystallization Poly(trimethylene terephthalate) (PTT), a member of the terephalate polyester family similar to poly(ethylene terephthalate) (PET) and poly(butylene terephthalate) (PBT), was first synthesized by Whinfield and Dickso [1] through a polycondensation process of the terephthalic acid and 1,3-propanediol in 1941. It was, however, just commercially available very recently when a great reduction in the manufacturing cost of 1,3-propanediol had been realized [2] . Consequently, unlike PET and PBT, which have been extensively studied in the last few decades, the PTT has received much less attention for about five decades. Actually, PTT exhibits properties between those of PET and PBT with comparable prominent properties of PET and outstanding processing characteristics of PBT. This makes the PTT highly suitable for uses in many fields, such as fiber, film and engineering thermoplastics applications [3] [4] [5] [6] [7] [8] [9] . On the basis of the great application foreground, increasing interests have been shown on the structural and thermal analyses of this material. Structural characterization indicates that PTT exhibits unique triclinic unit cell with axes a=0.464 nm, b=0.627 nm and c=1.864 nm, angles α=98°, β=90°, and γ=112° [ 10, 11] . The PTT crystals can, however, display different morphologies depending on thermal treatment, e.g. the banded and non-banded spherulites [12] . Thermal analysis demonstrates that the PTT exhibits pronounced multiple melting behavior, which attracts much attention of the researchers engaged in this field [13] [14] [15] [16] .
Multiple melting is a frequently encountered phenomenon of polymeric materials rather than an exclusive phenomenon of PTT . Therefore, to fully understand this phenomenon is one of the most important tasks in the fields of both fundamental research, for understanding the chain organization process of polymers, and polymer engineering, for applying the materials to an ever-diversifying range of applications. This led to extensive studies of the multiple melting behavior of polymeric materials in the past few decades. Up to now, it is well documented that the origin of the multiple melting behavior of polymeric materials may be different from one polymer to another, owing to their different structure nature, such as the coexistence of different crystalline forms in the same sample [38, 39] , the presence of different morphologies or even lamellae in different stabilities [40 -44] , or existing melting-recrystallizationremelting during the DSC scan [27, [34] [35] [36] [37] . Even though several aforementioned models for explaining the multiple melting behavior of polymeric materials have been established, there are still considerable controversies on dealing with this matter. This happens also in the explanation of the multiple melting of PTT, even though the polymorphism as the source for the multiple melting behavior observed in PTT has been ruled out completely owing to its unique crystalline structure [14, 16] .
PTT is a relatively new material. Consequently, to our best knowledge, there have been only four publications denoting the multiple melting behavior of it [13] [14] [15] [16] . Srimoaon et al. [16] reported that double melting peaks could be observed for samples isothermally crystallized in temperature range of 192℃-210℃, while triple and single melting peaks were identified for samples crystallized at temperatures lower than 192℃ and higher than 210℃, respectively. The observed three melting peaks were generally designated as P I , P II , and P III from low to high temperatures except for those worked out by Chuang et al. [14] . They designated these peaks in an inverse way, i.e. from high to low temperatures. According to their experimental results, Srimoaon et al. [16] suggested that peak I was likely a result of the melting of the primary crystallites, while peaks II and III might be a result of the melting of the recrystallized crystallites with different stability during the DSC scan. On the other hand, Chuang et al. [14] have associated the low-and middle-temperature melting peaks P I and P II (or P III and P II according to their definition) with the coexistence of two populations of stacked lamellae formed during primary crystallization, while the high-temperature melting peak P III (or P I under their definition) with the melting of the recrystallized PTT crystals during the DSC heating process. Wu and Woo [15] also attributed the low-and middle-temperature melting peaks P I and P II to the melting of two different types of pre-existing lamellae, whereas the high-temperature melting peak P III to the melting of some edge-on lamellae formed with reasonable high rate at high temperature or the reorganized crystalline component upon melting of the initially formed different crystals during DSC scan. In summary, it is believed that the multiple melting of PTT results from a combination event with the coexistence of crystallites with different stability and the melting-recrystallization-remelting of pre-existing crystals. There exists, however, controversy over the assignments of each individual peak to the corresponding crystals. Therefore, further investigation is clearly warranted to gain some better understanding on the origin of the observed multiple melting behavior of the PTT.
The purpose of this paper is to present some experimental details on and new insights into the multiple melting behavior of the PTT. We focus our special attention on the double melting behavior of PTT crystals growing in temperature range of 192℃-210℃ since detailed information has been gotten to make a clear explanation of the formation mechanism of the observed two melting peaks. Sophisticated understanding on the origin of the triple melting behavior is in progress.
Experimental
The poly(trimethylene terephthalate) (PTT) used in this study, produced in the form of pellet by Shell Chemical Co. under the trade name Corterra TM CP509201 with M w of 7.8×104, and M w /M n =2.25, was kindly supplied by Prof. Sheng at Tianjing University. The intrinsic viscosity, measured in a 60/40 mixture of phenol and tetrachloroethane at 30℃, was 0.91 dL/g [45] . All specimens were dried at 120℃ for 10 h in a vacuum oven before any further treatments.
Samples for isothermal crystallization were first heat-treated at 280℃ for 10 min to erase the previous thermal history of the material completely and then cooled either to a desired temperature for isothermal crystallization, or directly to room temperature. To ensure the occurrence of double melting, the crystallization temperature used in this study was set at 203℃, right within the temperature range of 192℃-210℃ for the occurrence of double melting. The weights of all samples used for differential scanning calorimetry (DSC) measurements were controlled in the range of 9.0±1.0 mg and each sample was used once to avoid the influence of oxidation and degradation of the material. All thermal treatments and subsequent measurements were
